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EFFECTS OF 4-TERTIARY BUTYL CATECHOL ON TISSUE 
CULTURED MELANOCYTES 
JOAO DESOUZA MANSUR, M .D., KIMIE FUKUYAMA, M.D., GERALD A_ GELLIN, M.D_, 
AND WILLIAM L_ EPSTEIN, M.D. 
Department of Dermatology, University of California, School of Medicine, San Francisco, California, U.S.A. 
Depigmenting effects of 4-tertiary butyl catechol 
(TBC) were investigated using tissue cultured melano-
cytes of adult guinea pig. Black guinea pig ear epidermis 
was trypsinized, suspended in BME Eagle media (5 x 106 
cells) supplemented with 10% calf serum, and seeded in 
Petri dishes (2 ml/ea). On the 5th day of culture, TBC 
dissolved in DMSO was added to the media, and the 
central area of Petri dishes with large numbers of mel-
anocytes (but not keratinocytes) present were examined 
by light and electron microscopy. 
After 6 hr of treatment with 1.5 x 10-3 mg TBC per ml 
of media, about 15 to 30% of melanocytes detached and 
about half of the remaining cells showed reversible 
changes in the cell shapes. An increase of TBC concen-
tration to more than 2 X 10-3mg per ml of media resulted 
in larger numbers of melanocyte deaths. The surviving 
cells contained numerous, but ultrastructurally unusual 
premelanosomes and melanosomes. In addition, micro-
filaments showed a wavy appearance. 
4-tertiary butyl catechol (TBC) (Fig 1) is used as an anti-
oxidant in several industrial processes, including the manufac-
ture of plastics, synthetic rubber, polyester resins, paints and in 
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FIG 1. 4-tertiary butyl catechol chemical structure. 
preparation of petroleum products [1]. This compound has long 
been known to cause contact dermatitis in individuals working 
with Thermo-Fax paper [2,3] and depigmentation effects in 
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man was reported by Gellin, Possick, and Perone in 1970 [ 4]. 
They demonstrated that leukoderma among 4 tappet assembly 
workers was due to the presence of TBC in the oil used. Bleehen 
et al found that the catechol derivatives with group substitution 
at position 4, including TBC, were the most potent depigment-
ing agents among 33 compounds tested in black guinea pig skin 
[5]. 
In this study we used tissue cultured epidermal melanocytes 
in order to examine the depigmenting effects of TBC. Morpho-
logical changes at different time intervals of the application as 
well as the recovery process were followed by light and electron 
microscopy. 
METHODS 
Tissue Culture Technique 
A suspension of epidermal cells was prepared by trypsinization from 
black guinea pig ears as described by Delescluse, Fukuyama, and 
Epstein [6]. However, we used a higher concentration of cells (5 X 106 
cells/ ml of media BME Eagle from Flow Laboratory supplemented 
with 10% calf serum). 2 ml of the suspension was seeded in 35-mm 
diameter plastic Petri dishes and incubated at 34°C in a humid envi-
ronment containing 95% air and 5% C02. The media was changed 24 hr 
later and then every 2 days. 
Experimental Procedure 
On the 5th day of culture, TBC dissolved in DMSO (100 mg/ ml) was 
added to the media at various concentrations. (The final TBC concen-
trations used were 0.5 X 10- 3 to 3 x 10- 3 mg per ml of media. ) For 
control culture, the cells were kept in the media without supplemen-
tation of the chemicals or with addition of dimethylsulfoxide (DMSO) 
alone. In each experiment, 9 to 12 Petri dishes were treated with TBC-
DMSO of 3 different concentrations and 2-3 Petri dishes served as 
controls. These experiments were repeated at least 6 times in this 
study. 
After 6 hr of treatment the cells were washed and cultured in media 
without supplementation of the chemicals for at least 2 more weeks. 
Light Microscopy 
Three areas mru·ked on each Petri dish were examined with an 
inverted microscope (Diavert, Leitz) with and without phase contrast 
lens and photographed every day. 
Electron Microscopy 
Media were discarded from Petri dishes and the tissue cultured cells 
were washed with Hank's solution after 6 hr of the TBC treatment or 
after 6 hr of the TBC treatment followed by 24 hr of culture in plain 
media. They were, in situ, fixed with 3% glutru·aldehyde buffered with 
phosphate for 30 min at 4°C, washed 3 times (5 min each) with 25 mM 
phosphate buffer containing 1% sucrose and dehydrated at room tem-
perature in ethanol from 50% to 90% (increments of 10% each 5 min). 
The cells were then treated with 90% hydroxypropyl methacrylate 
(HPMA) in ethanol for 15 min; 95% HPMA in ethanol for 15 min; 50% 
HPMA in a mixture of Epon-araldite for 15 min and 33% HPMA in 
Epon-ru·aldite for 30 min. 100% Epon-araldite was poured into the Petri 
dishes and changed 3 times (10 min each). Finally, a 2-3 mm thick layer 
of the Epon araldite was left covering the cells. The Petri dishes were 
left overnight in a 37°C oven and then transferred to a 60°C oven for 
24 hr. The sides of the plastic Petri dishes were broken away and the 
layer of the cells embedded in the Epon-araldite were separated from 
the bottom plastic by heating the specimens on a hot plate. Cells 
selected under light microscopy were mounted on Epon capsules and 
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FIG 2. 35-mm Petri dishes where different numbers of black guinea 
pig epidermal cells had been seeded 4 days before. A hole was formed 
in the center of P etri dishes l and 2, in which we inoculated 2 ml of 5 
x 106 cells/mi. No holes formed in Petri dishes 3 and 4 t hat had 
received 2 ml of l x 106 cells/ mi. 
FIG 3. Phase contrast light microscopy of the edge of hole seen in 
the Petri dish 1. The keratinocyte layer is on the left side of the photo. 
Melanocytes free from keratinocytes are inside the hole (X 360). 
cut at 600 A with an ultramicrotome. The sections were stained with 
uranyl acetate and lead citrate and examined with Siemens Elmiskop 
lA. 
RESULTS 
Melanocytes in Tissue Culture 
A few hours after the cells were seeded they started to attach 
to the Petri dishes, showing a tendency to concentrate in the 
central area. Around the 4th day of culture a layer of keratin-
ocytes peeled off from the central area and produced a "hole" 
with a diameter of 5-10 mm (Fig 2). The melanocytes of that 
area, on the other hand, remained attached to the Petri dishes 
and thus a culture of large numbers of pure melanocytes became 
available for observation (Fig 3). Seeding of the highly concen-
trated epidermal cells was necessary for making the hole and 
for obtaining a high yield of melanocytes. 
In the early period of the culture (3-5 days) the melanocytes 
were small. By 8 to 11 days in culture they showed an enlarge-
ment in size, the length of the dendrites increased and they 
often attached to each other (Fig 4). After the third week of 
culture the melanocytes became lighter and gradually rounded 
up and detached from the Petri dishes. 
Electron microscopy of the melanocytes showed large num-
bers of melanosomes which were mostly fully melanized and 
singly distributed (Fig 5a). In addition to those melanosomes 
observed in melanocytes in vivo, there were some melanosomes 
which contained various sized electron lucent areas. After ex-
amining many sections, we also found premelanosomes of all 
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stages. They exhibited progression of pigment deposition on 
the filamentous inner structure with regular striation (Fig 5b,c). 
In the dendrites numerous fine filaments were seen. They were 
primarily straight and oriented longitudinally (Fig 5c). 
DMSO Treated Tissue Cultured Melanocytes 
In each experiment some Petri dishes were treated with 
DMSO in concentrations of 5 x 10-6 - 3 x 10-5 ml per ml of 
media on the 5th day of the cultw·e. These concentrations 
correspond to those used in the experiments with TBC. They 
were washed with plain media 6 hr after the addition of DMSO 
and continued to be cultured. The melanocytes did not show 
changes in shape or size by light microscopy. They behaved 
similarly to those cultured without addition of chemicals. Elec-
tron microscopy of these cells were indistinguishable from those 
cells cultured without any chemicals. 
TBC Treated Tissue Cultured Melanocytes 
Light microscopy: At a concentration of 1.5 X 10- 3 mg TBC 
per ml of media about half of the melanocytes did not show 
any changes or a slight decrease in size after 6 hr of treatment. 
Some cells, however, began to take on an irregular outline as 
early as 1 hr after TBC was added. At 2 hr of treatment about 
one third of the cells had a very ragged contour and their 
dendrites narrowed at several sites, presenting a "beaded" 
pattern (Fig 66) . By 6 hr, many of those beaded pattern den-
drites disappeared partially or totally. Melanocytes became 
smaller and irregular in shape (Fig 6c) . During the 6 hr a 
number of melanocytes rounded up and subsequently detached 
from the Petri dish. We did not quantify the number of dead 
FIG 4. Light microscopy of untreated melanocytes in culture. The 
same area of a Petri dish was photographed under phase at 3 days (a) , 
4 days (b), 5 days (c), 6 days (d), 7 days (e), 8 days({), 11 days (g), and 
20 days (h) of culture (reduced from X 360) . 
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FIG 5. Electron microscopy of melanosomes and pre-melanosomes of 
melanocytes cultured without the addition of 4-tertiary-butyl catechol 
or DMSO. a (reduced from X 15,000) and b (reduced from X 50,000): 
pre-melanosomes with different stages of maturation reveal ftlamentous 
inner structures with regular striation; c (reduced from X 42,000): a 
dendrite of nontreated melanocytes. Fully melanized melanosomes, 
which showed on some occasions electron lucent areas (!) with a moth-
eaten appearance. Straight microfilaments are seen. 
cells, but our impression was that they represented about 15 
and 30% of the melanocytes at 2 and 6 hr respectively. The 
concentration of TBC lower than 1.5 x IQ-3 mg per m1 of media 
caused similar changes, but not consistently. An increase of 
TBC concentration to more than 2 X 10- 3 mg per m1 of media 
resulted in larger numbers of melanocyte death. We often 
observed melanocytes showing highly irregular contour, aggre-
gation of melanin pigment, and beaded pattern dendrites at 2 
hr after treatment (Fig 7a and 7b) which detached from the 
Petri dish by 6 hr. 
Most of the dead melanocytes were removed from the Petri 
dish by washing the cells with media at the end of TBC 
treatment. The remaining cells gradually returned to normal 
size and shape with a smooth cell contour within 48 to 72 hr 
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(Fig 6d). Their dendrites also reappeared, and some of them 
showed several branches. Melanocytes did not become lighter 
during the observation period even with the highest TBC 
dosage used. 
Electron Microscopy: Pre-melanosomes became more appar-
ent in the cells and many of them showed distortion of inner 
structure with clumping of :r;nelanin on the filamentous struc-
tures. Cells which remained attached after 6 hr of treatment 
were examined. Figure Ba shows a group of melanocytes which 
exhibit large numbers of melanosomes localized individually or 
in groups (Fig Bb). Most of the melanosomes were well pig-
mented, but those melanosomes showing electron lucent areas 
were seen more often than in nontreated or DMSO-treated 
melanocytes (Fig 9a). Loss of density in these areas also was 
more extensive than in nontreated melanocytes. In addition, 
premelanosomes were readily found in TBC-treated cells and 
many of the premelanosomes failed to show the regular fila-
mentous inner structure and pigment deposition. The beaded 
shape of dendrites noted by light microscopy consisted of 
irregularly shaped cell processes. In some areas, these dendrites 
were only the width of 1 melanosome or even less (Fig 9b). The 
microfllaments became short and wavy and often were curled 
up. 
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FrG 6. Morphological changes of guinea pig melanocytes photo-
graphed with phase contrast lens at different times of treatment with 
1.5 x 10- 3 mg 4-tertiary-butyl catechol per ml media. (a) Before 
treatment the melanocytes have a smooth cell contour and a normal 
size. (b) After 2 hr ofthe treatment, several cells have decreased in size 
and several dendrites have a beaded pattern (!). One melanocyte has 
rounded up almost completely (*). (c) After 6 hr of treatment, the 
rounded up melanocyte detached from the Petri dish (*). The beaded 
dendrites of one of the cells is almost disappearing (!). (d) After the 
media containing 4-tertiary-butyl catechol had been washed out and 
the cells kept on plain media for 48 hr, the melanocytes returned to 
their normal size and showed a smooth cell contour. The dendrites of 
one of the melanocytes has regenerated (original magnification X 360). 
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FIG 7. Morphological changes of melanocytes observed in a repre-
sentative field by 3 x 10- 5 mg 4-tertiary-butyl catechol (TBC) per ml 
media. (a) Before TBC treatment the cells had a smooth contour and 
an even deposition of pigment inside the cell. (b) After 2 hr of treatment, 
the melanocytes decreased in size, showed an irregular outline and 
clumping of the melanin pigments. Some dendrites are beginning to 
show a beaded pattern. These severe changes progressed and the 
melanocytes detached from the Petri dishes when the media was 
changed after 6 hr of treatment (original magnification X 360) . 
DISCUSSION 
Melanocytes of adult guinea pig ears were tissue cultured and 
used for investigation of depigmenting effects of TBC. An 
almost pure melanocyte culture was obtained by seeding a 
mixture of melanocytes and keratinocytes in Petri dishes at a 
concentration of 5 X 106 cells per ml of media. This concentra-
tion was used by Cruickshank, Cooper, and Hooper [7] and 
others [8,9] for culturing epidermal cells in his culture chamber. 
However, the same concentration of cells in other tissue culture 
systems caused inhibition of attachment of keratinocytes most 
probably because of the over population. Regnier, Delescluse, 
and Prunieras [10] used fewer numbers of cells for culture in 
Leighton tubes and Delescluse, Fukuyama, and Epstein [6] 
found that use of - 1.5 X 105 cells per ml was the most suitable 
for epidermal cell culture in Petri dishes. In our experience 5 
X 106 cells per ml in each Petri dish results in detachment of 
sheets of keratinocytes. On the other hand, this condition did 
not interfere with in vitro survival of melanocytes, and provided 
us with almost pure melanocytes culture without using pretreat-
ment of the cells with sodium citrate [11] or maintaining them 
under high oxygen tension [9]. 
Light microscopic findings of melanocytes not treated with 
TBC were consistent with those described by Prunieras et al 
[11] and Riley [9]. The cells were retained for about 3 weeks by 
which time they generally died and detached from the Petri 
dish. Prunieras et al [11] described the ultrastructure of sodium 
citrate-treated melanocytes. They found abundant premelano-
somes at all stages of melanization. In our specimens, however, 
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most of the melanosomes were fully melanized and some mel-
anosomes showed patchy electron lucent areas reported in 
melanocytes of very dark brown hair by Mottaz and Zelickson 
[12]. A similar "subunit" of melanosomes has also been de-
scribed by Jimbow and Kukita [13] who used "ultra thin" 
sections (300-400 A) of the melanocytes in the hair bulb of 
human black hair, and by Maul and Brumbaugh [14] in fowl 
feathers. 
An addition of TBC at a concentration of 1.5 X 10- 3 mg/ml 
FIG 8. 4-tertiary-butyl catechol treated melanocytes 6 hr after addi-
tion of 1.5 x 10- 3 mg TBC per mJ media caused some melanin granules 
to be grouped. Lipid-like droplets (L) are also seen. a (reduced from 
X 5,200); and b (reduced from X 6,900). 
F IG 9. Melanocytes after 6 hr treatment with 1.5 X 10- 3 mg 4-tertiary-
butyl catechol per ml media: (a) A higher magnification of melano-
somes. Electron opaque ru·eas in melanosomes become more noticeable 
(reduced from X 26,000) . ( b and c) A beaded pattern dendrite which 
contains wavy microftlaments ( b, reduced from x 13,000; c, reduced 
from x 33,000). 
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in the media caused distinct morphological changes which 
resulted in the death of about half the melanocytes, but did not 
cause lightening of the surviving melanocytes. The findings 
suggest that TBC causes skin depigmentation by killing mela-
nocytes rather than by affecting melanogenesis or preformed 
pigment. This conclusion coincides with histopathology of de-
pigmented skin lesions reported by Kahn [15] and Malten et al 
[16] who rarely found melanocytes. The causal chemicals of 
their study were para-tertiary butyl phenol and para-tertiary 
amyl phenol which have a substitution at the para position of 
the benzene ring like TBC. Bleehen counted the number of 
melanocytes in the skin of guinea pig [5] and human [17] 
treated with 4-isopropyl catechol in vivo and found a significant 
reduction. Riley proposed that phenol derivatives can give rise 
to free radicals which cause lipid peroxidation and consequent 
cell damage [18]. 
Morphological changes induced by TBC in tissue cultured 
melanocytes were comparable to those described by Bleehen 
(5] and Riley [18], but both heavily pigmented and less pig-
mented cells appeared to be similarly affected. Using electron 
microscopy Jirnbow et al observed 3 types of changes in mela-
nocytes treated with hydroquinone in vivo [19]. These include: 
( 1) inhibition of melanogenesis by affecting tyrosinase activity; 
(2) abnormal melanization; and (3) increased degradation of 
melanosomes. Our findings in TBC treated tissue cultured 
melanocytes were somewhat comparable although we did not 
measure tyrosinase activity. Furthermore, cells with extensive 
melanosome degradation reported by Jirnbow et al [19] were 
not found in the present study. The reason most probably is 
that those severely damaged cells had detached from the Petri 
dish before fixation and we only studied the cells which survived 
chemical injury. Additional changes caused by TBC were found 
in the dendrites. They were affected grossly and ultrastruc-
turally, and served as a sensitive indicator for TBC injury. In 
affected dendrites the microfllaments demonstrated pro-
nounced changes suggesting that TBC toxicity in melanocytes 
alters other cell functions in addition to its effect on the pigment 
forming system. 
The present study demonstrates that depigmenting effects of 
chemicals can be studied in vitro and cause melanocyte damage 
similar to that reported in vivo. Furthermore, tissue culture 
systems provide an advantage over in vivo studies because the 
toxic effects can be detected within a short period of culture. 
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